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PARTITION OF IONIC CONSTITUENTS 
BETWEEN ORGANS 
W. Dijkshoorn 
In addition to the phosphate and chloride, the 
plant accumulates unchanged nitrate and sulphate 
anions. The sum of equivalents (N0^+C1~+H2P0^+S0=) 
in the plant represents the inorganic anion content A. 
In the tissues of higher plants the sum of equiv-
alents of the metallic cations C (=K++Na++Mg+++Ca"^1") 
is greater than A, and the excess (C-A) accumulates in 
the form of carboxylates, such as malates, citrates, 
oxalates, succinates, etc. of the metallic cations. 
Carboxylates arise in the leaves from the con-
version of nitrates and sulphates. Without nitrate in 
the medium, bicarbonate is absorbed along with the 
metallic cations, and enters organic combination to 
form carboxylates in the roots. All other plant parts 
receive their carboxylates by redistribution. 
The control of the level of carboxylates in 
heterotrophic plant organs involves import via the 
phloem system. Potassium is the main cation trans-
ferred; it moves in proportion to the amount of trans= 
located dry matter and, being dominant, there is little 
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change in the concentration of the sum of milliequiv-
alents of cations in the dried material throughout the 
life of the organ. 
The level of carboxylates in reserve organs is 
controlled by both the import of ions via the xylem, 
and the export of potassium carboxylates via the 
phloem. The absorbed calcium and magnesium are 
retained, with the export of potassium and dry matter, 
calcium eventually becomes dominant, and the concen-
tration of carboxylates in the dried material is 
raised to a higher value. During this change the 
citrate content is reduced and malate eventually 
becomes the main carboxylate. 
Young leaves have heterotrophic requirements at 
first. Later, when fully expanded, their synthetic 
capacities are directed towards export of assimilates 
and the leaf acquires features typical of reserve 
organs. In plants with a terminal growth, plant 
composition may become stratified in such a manner 
that upper leaves are low in calcium and carboxylates, 
while the matured lower leaves have higher concen-
trations of calcium and carboxylates, with malate as 
the major carboxylate. If the roots are not programmed 
to absorb larger quantities of calcium, as in cereals 
and grasses, potassium may remain dominant and there 
will be less change in the level of carboxylates in the 
whole foliage during ageing of the plant. 
Maize plants grown on a supply of nitrate and the 
other nutrient salt exhibit high levels of nitrate but 
no carboxylate in the xylem liquid. If transferred to 
a nitrate-free medium the nitrate level falls and 
carboxylate, synthesized in the roots from absorbed 
bicarbonates, substitutes for nitrate in the xylem 
liquid. From this it is concluded that all the 
absorbed nitrate is transferred via the xylem to the 
shoot, and enters metabolism in balance with metallic 
cations. The carboxylates replacing the consumed 
nitrates then distribute via the phloem along with 
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potassium to the other plant parts. Xylem transfer of 
carboxylates occurs only when nitrate is exhausted and 
the roots begin to produce carboxylates from absorbed 
bicarbonates. 
A scheme is presented to account for the ability 
of grasses and cereals to accumulate organic nitrogen 
in excess of carboxylates. It is based on the unique 
translocation properties of potassium, and on decarbox-
ylation of the carboxylates received by the roots with 
exchange of the released bicarbonate for extra nitrate 
anions from the medium 
INTRODUCTION 
The occurrence of inorganic salts and carboxylates 
in the plant is due to the accumulation and processing 
of nutrient ions that it absorbs from the medium. 
Of the major routes of anion utilization that 
leading to organic phosphates does not change the ionic 
state of the phosphate. 
In addition, plants accumulate unchanged nitrate 
and sulfate anions in excess of metabolic requirements, 
and all the chloride that is absorbed. 
The level of other detectable inorganic anions is 
extremely low so that the sum of miliequivalents: 
(NO? + CI- + H2PO4 + S0=) = A 
represents the inorganic anion content, including the 
phosphate anions in organic combination. 
The excess of miliequivalents of the cations, ob-
tained by the summation: 
(K+ + Na+ + Mg++ + Ca4-1") = C, 
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over the inorganic anions appears to be in balance with 
carboxylate anions, the carboxylate content is given by 
(C - A). 
Carboxylates are formed as a necessary concomitant 
of the conversion of nitrates of the metallic cations 
into non-ionic organic nitrogen and sulfur (Dijkshoorn, 
1962). Therefore, if potassium nitrate were to act as 
the sole source of organic nitrogen, its equivalent of 
potassium carboxylate would be formed within the tis-
sues. 
Another source of carboxylates is the uptake of 
metallic cations with bicarbonate as the partnering 
anion. The absorbed bicarbonates enter organic combi-
nation to form carboxylates. If in the medium, the 
nitrates are replaced by chlorides or sulfates, bicar-
bonate (derived from the dissociation of water and 
carbon dioxide) is absorbed, and carboxylates are ac-
cumulated in the roots. 
In ryegrass nitrates are readily transferred to 
the shoot and the metabolism generates carboxylates in 
excess of the quantity retained by the foliage. But in 
the case of bicarbonate absorption the carboxylates, 
produced in the roots, are less readily transferred to 
the shoot, and the plants may be shown to become pro-
gressively starved of carboxylates. 
When cultured on a nitrate medium, the level of 
carboxylates, (C - A ) , is high in the shoot and low in 
the roots, and this situation is reversed when the ni-
trate is exhausted (Dijkshoorn et al., 1968). 
The greater potential of the nitrate system in 
supplying carboxylates seems a feature of many higher 
plants. Fig. 1 refers to young potato plants raised 
from whole tubers planted in sand culture. When sup-
plied with nutrient salts containing nitrate, organic 
nitrogen in the whole plant increased to more than 
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FIG. 1 Amounts of organic nitrogen (Norg), and 
of carboxylates (C-A), in small potato 
plants grown in sand culture from seed tubers 
with low (open symbols) and high (solid symbols) 
nitrogen content. Data expressed as ion equiv-
alents of carboxylate and of nitrate, respect-
ively, per plant including the seed tuber. 
Squares denote amounts in the seed tuber before 
planting; triangles: plants supplied with ni-
trate in the nutrient salts; circles: plants 
grown with all the nitrate replaced by sulfate 
in the nutrient salts. 
twice the amount initially present in the seed tuber. 
Expressed as ion equivalent of nitrate, the increase in 
organic nitrogen was equal to that of the carboxylates, 
indicating that all the carboxylate released by the ni-
trate metabolism was retained by the plant. With ad-
ditional sulfate in place of nitrate, the amount of 
452 DIJKSHOORN 
organic nitrogen remained unchanged and little increase 
in the amount of carboxylates occurred. 
It is apparent that the control of the level of 
carboxylates involves ion uptake, translocation and 
metabolism. One result of this process which is amen-
able to study is the pattern of distribution over the 
different tissues of the plant. This pattern would 
suggest that ion uptake, availability for release to 
the xylem, site of metabolism, and availability for 
release to the conducting elements of the phloem, are 
all selective and may greatly influence composition. 
The purpose of the present communication is to 
draw attention to the links between migration and 
metabolism of absorbed ions and the carboxylate content 
of different plant organs. 
SELECTIVE UPTAKE OF CATIONS 
The first selective process is uptake from the me-
dium. Compared with dicotyledons, the cereals and 
grasses appear to absorb preferentially potassium, 
while calcium is less readily absorbed. 
The proportion of potassium to calcium in the 
bleeding sap of maize plants appeared to be equal to 
that in the body of the shoot and of the roots (Fig.2). 
The plants were grown on nutrient solutions with a 
ratio of equivalents of potassium to calcium of 0.5. 
Since this ratio was about 4 in both the xylem exudate 
and in the plant tissues, there seems no doubt that, 
here, the relative exclusion of calcium is controlled 
by the roots, prior to ion transfer to the xylem. 
In many dicotyledons there is no such great pref-
erence for potassium absorption, and calcium may ac-
cumulate to high concentrations in matured plant parts. 
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454 DIJKSHOORN 
Judging from rates of redistribution over different 
plant organs it seems that, here, calcium transfer is 
restricted by its slow release to the conducting el-
ements of the phloem, potassium eventually assuming 
the dominant role in the second stage of transfer with 
the stream of assimilates. 
SELECTIVE DISTRIBUTION OF CATIONS 
Throughout the life of the plant as successive 
organs develop, each in turn imports from, or exports 
to, the rest of the plant. Transfer of assimilates 
occurs via the phloem, and a study of ion distribution 
between organs of all ages and classes offers a means 
of assessing the selectivity involved in phloem trans-
port. 
The nutritional system displayed by the developing 
potato tuber may be regarded as being typical of a het-
erotrophic organ. Assimilates and ionic substances are 
supplied by the autotrophic shoot and this transport is 
mediated by the phloem. Transport continues throughout 
the life-time of the developing tubers, and potassium 
contributes for 85 percent, and calcium for less than 
5 percent, to the total influx of cations (Fig. 3). 
The amount of potassium entering the tubers in-
creases fairly well in proportion to the dry matter. 
The slope of the line indicates a constant concen-
tration of 0.5 me. of potassium per gram dry matter. 
The influx of total cations (C), being delegated mainly 
to potassium, also proceeds very nearly in proportion 
to the dry material. 
The extremely low rate of transfer of calcium sug-
gests that, here, exclusion of calcium takes place at 
the sites wherein the ions are released to the conduct-
ing elements of the phloem. Further circumstantial 
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support for this view comes from data on change in com-
position of reserve organs during export of material to 
the other parts of the plants. 
Fig. 4 shows the progressive loss in dry matter 
and cations from the mother tuber of potato plants dur-
ing export to the growing plant. Again, the quantity 
of potassium varies fairly well in proportion to the 
change in dry weight of the tuber, and decreases at a 
constant rate of 0.4 me. per gram loss in dry matter. 
In the mother tuber the other cations also move 
inwards via the uptake system, only a small proportion 
of these moving outwards again because they are less 
readily available for release to the phloem than pot-
assium. As a result, the fall in potassium is closely 
mirrored by an increase in the quantity of calcium re-
tained by the tuber. The progressive gain in calcium 
and loss in dry material raises the calcium level from, 
initially, 0.02 me. per gram dry matter, to a final 
level of 1.3 me. per gram dry matter. For magnesium, 
the export is balanced by uptake, and its concentration 
increases in proportion to the reciprocal dry weight. 
In the daughter tuber with potassium dominant in 
the import of cations via the phloem, the concentration 
of total cations, C, in the dried material remains 
nearly constant. 
But in the mother tuber, where calcium eventually 
becomes dominant, the quantity of total cations, C, 
falls at a relatively smaller rate than the dry weight. 
Here, the concentration of total cations, C, is in-
creased through the combined effects of cation reten-
tion and loss in dry material, from the initial value 
of 0.5, to a final value of 2 me. per gram dry matter. 
Investigations on cotyledons of soya bean have re-
vealed a situation similar to that of the mother tuber 
of potato. Fig. 5 shows the quantities of cations in 
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FIG. 5 Change in dry weight and in milliequiv-
alents of cations during the progressive 
exhaustion of soya bean cotyledons by 
the growing plant. C denotes the sum of 
cations. From data of MC ALISTER and 
KROBER (1951). 
the cotyledons for a series of stages, in relation to 
the fall in dry weight due to export via the phloem to 
the growing plant. Potassium is freely released, and 
varies in proportion to the dry weight at a constant 
concentration of 0.5 me. per gram dry material in the 
residual cotyledon. Calcium and magnesium eventually 
accumulate greatly in excess of their initial quantity. 
With calcium assuming the dominant role, the concen-
tration of total cations, C, is raised from, initially, 
0.8 me. per gram dry matter, to a final level of 3 me. 
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per gram dry matter, due to retention of calcium and 
magnesium and export of dry material. 
TRANSFER AND RETENTION OF CARBOXYLATES 
me in sprouts 
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FIG. 6 Transfer of endogenous nitrogen (tri-
angles) and carboxylate (crosses) from 
unplanted potato tubers to developing 
sprouts in relation to dry weight of 
the sprouts. 
Export of carboxylates from the potato tuber to 
the sprouts was demonstrated in the following way. 
Tubers were left unplanted in the light or in the dark, 
and developed small green sprouts, or white large 
sprouts, respectively. The sprouts were excised, and 
analyzed for nitrogen and ash-alkalinity. Since there 
was no nitrate in the tissue, these values represent 
organic nitrogen and carboxylate content, respectively 
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(van Tuil et al. 1964). The tubers had no external 
supply of nutrient ions. Fig. 6 shows that the en-
dogenously-supplied carboxylates moved into the sprouts 
at a net rate of 0.9 me. per gram dry matter stored by 
the sprouts. 
Accumulation of carboxylates in the tuber through 
the combined effect of uptake of ions from the medium, 
and export to the growing plant, was shown by means of 
the following experiment. Uniformly-sized seed tubers 
(50 grams fresh weight) were planted in sand culture, 
and replicates analyzed for initial composition. Nu-
trient salts, with sufficient potassium nitrate to sup-
port the growth, were added to the sand. The planted 
tubers were removed after 3 or 4 weeks of growth, sep-
arated from the plants, and analyzed. Total nitrogen 
and ash-alkalinity were corrected for nitrate so as to 
obtain nitrogen and carboxylate content (van Tuil et 
al. 1964). Nitrate was low compared with that in the 
plants removed from the tubers. 
The dry weights and milliequivalents per tuber are 
shown in Fig. 7. Two sets of tubers were used, one 
high in nitrogen (solid triangles), the other low in 
nitrogen (open triangles). There was no difference in 
carboxylate content (crosses) of the two. 
Fig. 7 shows that nitrogen was exported at a rela-
tively faster rate than the dry material and, conse-
quently, the concentration of nitrogen in the residual 
dry matter fell to around one half the initial level. 
But the net loss in carboxylates was small compared 
with that of the dry matter. The points for carboxy-
late fit a decrement of 0.3 me. per gram loss in dry 
weight which is the same as that of total cations in 
Fig. 4. The retention of carboxylates relative to the 
dry material raised the carboxylate concentration from 
its initial value of 0.5 me. per gram dry matter, to a 
level of 0.8 me. per gram dry matter. 
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FIG. 7 Milliequivalents of organic nitrogen 
(triangles) and carboxylates (crosses) 
in relation to dry matter in the mother tuber 
of potato plants, during exhaustion by the 
growing plant. Note the rapid release of N, 
and retention of carboxylates, relative to dry 
matter. The solid triangles refer to tubers 
of higher nitrogen content. Results of two 
experiments. 
A further point to be considered is the progress-
ive substitution of malate for citrate in the mother 
tuber when its reserves are exhausted by the growing 
plant. Citrate is the main constituent of the carboxy-
lates but, after planting, malate accumulates steadily 
and citrate steadily disappears (Fig. 8). 
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FIG. 8 Milliequivalents of citrate and malate 
in the mother tuber of potato. The 
tubers were planted at zero time, and repli-
cates harvested 4, 6 and 8 weeks after planting. 
Column at the right of the figure gives citrate 
and malate in the daughter tubers of the plants. 
Data of JOLIVOT (1959). 
To test the findings some of the tubers were also 
analyzed for carboxylates. Their free acids were lib-
erated by decationization, extracted with water, iso-
lated by passing the extract through an anion exchange 
column, and elution of the carboxylate anions with for-
mic acid. After evaporation to dryness in vacuo, the 
residue was transferred to a silica gel column and sub-
mitted to quantitative partition chromatography. The 
procedure has been described elsewhere (Dijkshoorn and 
Lampe, 1962). 
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The results are shown in Fig. 9. With the re-
duction in dry weight due to partial exhaustion by the 
growing plant, the quantity of potassium and of citrate 
in the mother tuber decreased. There is at present no 
evidence for potassium being exported as potassium cit-
rate, and the significance of their decrements being 
equal cannot yet be assessed. The points for potassium 
are close to the proportionality line through the ori-
gin, and suggest constancy of concentration in the 
dried material. The disproportional slope for carboxy-
lates, (C-A), shows that although the quantity falls, 
the concentration in the dried material is increased 
with exhaustion of the tuber. The increase in carboxy-
late concentration is brought about by an increase in 
calcium, and malate substitutes for citrate in the 
stored carboxylates. 
So far, the results show that depletion of re-
serves from plant organs exogenously supplied with 
nutrient ions tends to increase the concentration of 
calcium and malate, to maintain the concentration of 
potassium, and to diminish the citrate concentration in 
the dried material of the organ, and that this change 
is a manifestation of selectivity in ion transfer by 
the phloem. 
TRANSFER AND LEAF COMPOSITION 
Top leaves have at first an absolute requirement 
for assimilates donated by the older leaves. They are 
mainly subtained by phloem transfer of materials, and 
will receive a proportional amount of potassium and 
little calcium. 
If the leaves are fully expanded they will provide 
assimilates and ionic substances to the younger leaves 
and other organs of the plant. The export presumably 
takes place in the phloem, whereas exogenously-supplied 
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FIG. 10 Composition of leaves of different pos-
ition on the stem. Leaves are numbered 
from base to apex of the shoot. Organic nitrogen 
(triangles), sum of cations C (large circles), 
potassium (small circles), carboxylates (crosses), 
malate (solid squares), calcium (encircled dots), 
citrate (solid dots) in ion milliequivalents per 
gram of dry material, 
tobacco, data of VICKERY (1961). 
Brussels sprouts, data of KIRKBY and DEKOCK 
(1965). 
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inorganic salts continue to move into the leaf via the 
xylem. Potassium being readily available for export 
then distributes rather uniformly with the dry matter, 
whereas calcium is not re-exported and accumulates to 
higher concentrations. 
Much evidence has accumulated to suggest that this 
pattern of redistribution determines leaf composition 
in relation to position on the stem. If the absorption 
of calcium is not much restricted by the selectivity of 
the uptake system in the roots, calcium may accumulate 
to high concentrations in the older leaves. 
Fig. 10 shows data on the composition of success-
ive leaves of two plant species. From the apex'of the 
shoot to the base, the level of calcium, carboxylates 
(C-A), and malate in the leaves increases steadily, 
with calcium and malate assuming the dominant role in 
the make-up of the carboxylates in the matured bottom 
leaves. There is, indeed, a gradient akin to that 
found between the expanding daughter tubers and the 
depleted mother tuber of potato plants. 
COMPOSITION OF TRANSPORT LIQUIDS 
With nutrient salts supplied as the nitrates, 
chlorides, primary phosphates, and sulfates of potass-
ium, sodium, magnesium and calcium in solution culture, 
the medium is a mixture of inorganic, neutral salts 
with (C-A) zero. But the water dissociates and, with 
carbon dioxide, it supplies H+ and HCO3 at low concen-
tration but in unlimited quantity. 
Whole plant analysis, including the organic forms 
of N and S and expressed in equivalents of the supplied 
ions, reveals the ionic balance of uptake. With ni-
trate as nitrogen source, the cereals and grasses ab-
sorb the anions of the nutrient salts greatly in excess 
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of their cations, and uptake of H along with the ex-
cess of anions would be consistent with electroneu-
trality. 
If, in the medium, all the nitrate is replaced by 
sulfate or chloride, the plant absorbs metallic cations 
in excess of the anions of the nutrient salts, and this 
excess is balanced by uptake of HCO3. 
In general the assumption seems valid for bicar-
bonate uptake in the absence of nitrate. However, 
there is evidence to suggest caution in the application 
of the assumption of IF" uptake in the presence of ni-
trate. 
The form the absorbed nutrient ions move via the 
xylem to the shoot was studied in maize. 
Plants were grown on complete nutrient solution 
with nitrate and no chloride. At an appropriate time 
a number of plants were decapitated and exudate was 
collected from the cut stems. The medium of the other 
plants was replaced by one containing additional sul-
fate in place of the nitrate. During the subsequent 
period of nitrate starvation wherein the plants con-
sumed their pool of nitrate that had accumulated un-
changed in the tissues, a number of plants were decapi-
tated every few days, the exudate collected for a 
period of two hours centered on noon, and the plants 
discarded. 
Measured quantities of the liquids were trans-
ferred to platin crucibles, mixed with ash-free cellu-
lose powder (1.5 grams per 10 ml of exudate), dried on 
a water bath, and ashed at 500°C. The ash-alkalinity 
was determined by adding standard acid and titrating 
the excess to pH 5. 
Tests with mixtures of authentic salts revealed 
that the ash-alkalinity thus obtained agrees fairly 
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well with the sum of milliequivalents of nitrate, bi-
carbonate and carboxylate anions balanced by metallic 
cations in the exudation liquid. 
Another subsample of the exudate was analyzed for 
nitrate anion, and subtraction of this value from the 
ash-alkalinity gave the value for milliequivalents of 
bicarbonate or carboxylate anion in balance with the 
metallic cations, which is (C-A) of the xylem liquid. 
If, with high nitrate and low chloride levels, 
(C-A) is negative, there is no bicarbonate (carboxy-
late) , and part of the inorganic anion equivalents A 
is balanced by H+, the xylem liquid containing free 
mineral acid. 
With (C-A) zero, the total of metallic cations 
equals the total of inorganic anions derived from the 
nutrient salts, the xylem liquid is free from IT*", HCO3 
and carboxylate anions. Of course, within each group 
the proportion of the ions may differ from that in the 
medium owing to selective uptake (KT1" enters faster than 
Ca++ and NOJ faster than Ca*"1" and NOJ faster than S0=), 
but the xylem liquid has in common with the medium that 
it represents a solution of neutral, inorganic salts 
with no bicarbonates. 
If (C-A) is positive, the xylem transfers bicar-
bonates or carboxylates along with the inorganic salts, 
their presence being due either to uptake of HCO3, or 
to metabolism of nitrates of the metallic cations in 
the roots and subsequent release of the formed carboxy-
lates to the conducting elements of the xylem. 
Results of the experiments are shown in Fig. 11. 
With nitrate in the medium the level of nitrate in 
the zylem liquid was about 16 me/liter, and the value 
for (C-A) was practically zero. When the plants were 
starved on the medium that contained no nitrate, the 
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FIG. 11 Changes in the level of nitrate and 
of carboxylates, (C-A), in xylem exu-
date of maize following the transfer 
to nitrate-free medium. 
level of nitrate in the xylem liquid fell eventually to 
zero, and the value for (C-A) increased from zero to 
about 10 me./liter. 
A further investigation into the nature of the 
(C-A) fraction of the xylem liquid was made by isolat-
ing the anions of freshly collected exudates via ion 
exchange columns, and submitting them to quantitative 
partition chromatography on silica gel. Results are 
shown in Fig. 12. 
The total amount of carboxylate anions developed 
off the silica gel column agreed fairly well with the 
value for (C-A) calculated from ash-alkalinity and 
nitrate. 
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FIG. 12 Integrated chromatograms of organic acids from 
xylem exudate of maize plants. Ordinates: 
quantities that have passed the column, expressed as 
me. per liter exudate; abscissae: fraction number on 
a log scale. 
m = malate; c = citrate; p = phosphate, indicated by 
the broken terminal sections of the curves and given as 
trivalent. The full lines integrate the carboxylate 
anions of (C-A) in the exudate, when the corresponding 
solvents blanks (lower broken lines) are subtracted. 
The upper curve high in (C-A) refers to nitrate-starved 
plants, the lower curve low in (C-A) to plants with a 
continuous full supply of nitrate in the medium. 
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Data of this type have shown the likelihood that 
intact plants, raised in nitrate-containing medium, 
transfer all nutrient anions in balance with metallic 
cations via the conducting elements of the xylem to the 
shoot, and that the shoot alone makes organic N and 
receives no carboxylates from the roots. 
During its conversion all the nitrate supplied to 
metabolism in balance with the metallic cations is re-
placed by carboxylates: 
K+ + NOJ + 8H -> K+ + OH- + 2H20 + (NH3) 
C02 + 0H~ + RH •> RCOO- + H20 
where (NH3) denotes organic N, and RH a metabolite 
transformed into carboxylate (RCOO-) by carboxylation. 
Sulfate metabolism operates along a similar formu-
lation, but its contribution is very small (Dijkshoorn, 
1962) and can be neglected for the present consider-
ations. 
Since all the nitrate enters metabolism in balance 
with metallic cations, the carboxylates (C-A) would be 
expected to accumulate in an amount equivalent to or-
ganic N, and this was valid for the potato plant. But 
maize plants accumulate organic N at much higher levels 
than (C-A). Only when the nitrate supply is discon-
tinued, organic N is diluted to a similar level by the 
growth (Fig. 13). But then the carboxylate is made 
from absorbed bicarbonates by carboxylation in the 
roots: 
K+ + HC07 + RH -»• K+ + RC00~ + H20 
and is not derived from nitrate metabolism. 
Formally, it is possible to assume that, in ad-
dition to the nitrates of the metallic cations released 
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to the xylem vessels, the roots absorb and assimilate 
nitrate anions along with IT1". This combination yields 
organic N but no carboxylate: 
H+ + N07 + 8H -y (NH3) + 3H20 
and the roots could supply the plant with extra organic 
N that moves via the xylem to the shoot. 
With nitrate in the medium, the xylem exudate was 
found to contain some 10 me. per liter of organic N. 
However, this is no evidence for nitrate metabolism in 
the roots. The amount released by exudation is only 
1 per cent of the total pool of organic N in the roots, 
and its presence in the exudate could merely be due to 
mobility of organic N. Moreover, the organic N level 
is more than twice the level of (C-A), and it seems 
unlikely that so much nitrate is absorbed along with H"1" 
and metabolized in the roots. 
Instead, there are constant indications that prac-
tically all the nitrate is metabolized in the leaves. 
This would mean that metabolism provides a large excess 
of carboxylates over the pool normally retained by the 
plant as (C-A), and that this excess is continuously 
removed during growth and ion utilization. 
The main pathway by which carboxylates can escape 
is the conducting system of the phloem which translo-
cates potassium carboxylate along with the carbohydrates 
and amino acids to the roots (Peel and Weatherley, 
1959). Once received by the roots, the carboxylates 
can function as the endogenous source of HCOJ by decar-
boxylation, and of exogenous NOJ by anion exchange, ni-
trate in the medium being replaced by bicarbonate and 
potassium carboxylate in the roots by potassium nitrate, 
the latter being released to the xylem and transferred 
to the shoot for metabolism. 
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g d.m. per plant 
FIG. 13 Accumulation of organic nitrogen (No) and 
carboxylates (C-A) in relation to the dry 
matter during the growth of maize plants. 
(a) plants starved of nitrate in an early stage 
of growth. At 1.3 grams dry matter the 
medium was again replaced by one containing 
nitrate. 
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FIG. 13 (cont.) 
(b) plants supplied with nitrate during early growth. 
At a level of 1.3 grams dry matter, the nitrate 
in the medium was replaced by additional sulfate. 
It was not until the nitrate in the tissues was 
exhausted that synthesis of organic N stopped. 
Values in milliequivalents and in grams dry 
matter per whole plant. The straight broken 
lines indicate concentrations at 0.5, 1.0 and 
2.0 me./g d.m., respectively. Filled symbols: 
no nitrate in the supply; open symbols: medium 
containing nitrate as nitrogen source. 
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In such a situation the shoot exports potassium 
carboxylate to the roots, and the latter exports pot-
assium nitrate in turn to the shoot, with a limited 
pool of K"*" that circulates downward in the phloem as 
carboxylate, and upward in the xylem as nitrate. 
This picture for the complete plant that accumu-
lates organic N in excess over (C-A) gives the best 
measure of agreement with the evidence. 
Attempts to collect phloem sap were unsuccessful. 
Instead, tests were carried out on the composition of 
honey dew from aphids feeding on the leaves of maize 
plants. The ratio of K to Ca was about 40. Ash-alka-
linity and chromatograms showed that a variety of car-
boxylates occurred as the major salt at a level of 
around 1.5 me. per gram dry material. In maize the 
carboxylate content of honey dew was little influenced 
by substitution of sulfate for nitrate in the medium, 
and the level of (C-A) in the plant material also re-
mained unchanged (Fig. 13). In wheat plants, the value 
for (C-A) in the tissues and in the honey dew was re-
duced to one half the value for the plants receiving 
nitrate. 
From data of the type reported in the present com-
munication only qualitative evidence is obtained. Un-
fortunately, there is as yet no data from more direct 
approaches that could be interpreted in terms of rates 
of translocation. 
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